SUMMARY Aspirin, acetyl salicylic acid, damages gastric mucosal cells. This effect is considered related to its inhibition of prostaglandin synthesis. On the other hand, sodium salicylate has been reported to be cytoprotective against drug damage to gastric mucosa in vivo.' 2 One reason for this difference is that salicylic acid, unlike acetyl salicylic acid does not inhibit prostaglandin synthesis by gastric mucosa in vivo. Previous studies on tissue culture cells from our laboratory have required gastric mucosa from fetal rats; this was time consuming and expensive. The purpose of this study was to develop a primary cell culture of adult rat fundic epithelial cells and to test the effect of sodium salicylate on: (1) prostaglandin (PGE2) production, (2) cell viability, (3) reducing cell damage by sodium taurocholate. Gastric epithelial cells were isolated from adult rat stomachs and cultured on collagen gel. Cells reached confluency on day 4 at which stage fibroblasts were rarely seen (<1%).
Ota, Razandi, Sekhon, Krause, Terano, Hiraishi, and Ivey their preparation, cell division was not observed. Furthermore, in order to establish cell growth in theirs and other culture systems, addition of hormonal factors was required which in itself, may alter the functional status of cultured cells.
As the in vivo studies with Na salicylate were done in adult rats,'2 cultured cells from adult rats may be expected to more accurately reflect functions of adult gastric cells. Accordingly, we modified our established techniques for culture of baby rat gastric cell culture7 in order to culture adult rat gastric cells.
The morphologic characteristics of these cells, their ability to divide and to synthesise prostaglandins and the effect of sodium salicylate and indomethacin on prostaglandin synthesis were studied. In addition, the effect of sodium salicylate on cell viability and its ability to exert a cytoprotective effect in vitro were studied.
Methods

MATERIALS
Medium I: Coon's modified Ham's F-12 medium8 (F-12 medium, KC Biological Inc, Lenexa, KS) containing 0a 15 g/dl collagenase (120 U/mg, GIBCO, Grand Island, NY), 100 U/ml penicillin, 100 jsg/ml streptomycin, 25 [tg/ml fungizone (these antibiotics and antimycotic (AA) were obtained from Irvine Scientific Co, Santa Ana, CA). Medium II: F-12 medium supplemented with heat inactivated (at 56°C for 30 minutes) 10 gIdl fetal bovine serum (Armour Pharmaceutical Co, Kankakee, IL), 15 mM Hepes buffer (Sigma Chemical Co, St Louis, MO), fibronectin (10 [ig/ml, Sigma) and AA described above.
Trypsin was purchased from Sigma. [3-H] Cell culture: within one day after inoculation, the cell clumps attached to the surface of the collagen gel. The attachment of cells was markedly increased by use of collagen gel and by addition of fibronectin to the cell media. Cells began to grow and reached confluency on day 4 (Fig. 1) . Over 99% of the cells at this stage had epithelial characteristics with only 0-1% fibroblasts. In most cultures by day 6 (Fig. 3a) . The labelling index was maximum on day 2 (Fig. 3b) (1.21 ng/mg protein/h). One millimole (10`M) and 0-1 mM (10`M) Na salicylate had no effect on PGE2 production (Fig. 4) . After one hour's incubation 10 mM (10-2M) Na salicylate weakly but significantly inhibited PGE2 production while 10-4 M indomethacin strongly suppressed PGE2 production even at 30 minutes. EFFECT (Fig. 5) .
EFFECT OF Na TAUROCHOLATE ON CELL VIABILITY Na Taurocholate at 0 mM and 2.5 mM had no effect on cell viability; at 5 mM and 10 mM concentrations of Na taurocholate viability was reduced to 67+5% and 34±6% respectively (Fig. 6 ).
EFFECT OF Na SALICYLATE ON Na TAUROCHOLATE INDUCED CELL DAMAGE After preincubation with 10 mM Na salicylate followed by removal of the Na S, subsequent exposure to Na T 10 mM resulted in 57±2% viability compared with 34±6% without Na S (p<0.01) (Fig.  6 ). 
Discussion
We have developed a monolayer culture of adult rat fundic epithelial cells. A major factor in the successful growth of adult cells in tissue culture as opposed to fetal cells was the use of collagen gel as a substrate to encourage the isolated adult cells to attach to the culture dishes. Monolayer culture systems of gastric mucosa have been reported using newborn rat gastric mucosa, fetal rabbit gastric mucosa,34 adult canine gastric mucosa,6 and adult human gastric mucosa. 3' In the present study, adult rat gastric mucosa was used which offers several advantages over fetal tissue culture cells: as adult rats are commonly used in most laboratories for in vivo studies, cultured cells from adult rats may more accurately reflect the physiological condition of adult gastric mucosa than fetal cells; adult rats are less expensive and less time consuming to obtain than are fetal rats from breeding colonies; experimental schedules consequently are much easier to arrange.
Fibroblast overgrowth has been a major problem of epithelial cell culture and various attempts to eliminate such contamination have been 25 The cultured mucous cells produced PGE2. In a previous study, we have shown that such mucous cells produce more PGE2 than PGI2 in the order of 4:1. 24 Konturek et al' reported that Na salicylate increased PGI2-like activity by gastric mucosa in an in vivo rat study and attributed the cytoprotective effect of Na salicylate to this stimulation. In an in vivo study by Robert, however, Na salicylate induced cytoprotection which was not blocked by indomethacin, so that salicylate cytoprotection could not be attributed to prostaglandin production.2 Whittle et al in an ex vivo study reported that sodium salicylate inhibited prostaglandin production in subcutaneous inflammatory lesions but not in gastric mucosal tissue. 25 In an in vitro study of non-gastric cells, Na salicylate was found to be a weak cyclooxygenase inhibitor. 26 The current studies are in agreement with these studies2 25 26 and indicate that Na salicylate either has no effect on, or in pharmacological doses is a weak inhibitor of prostaglandin E2 production by gastric mucous cells. These data also suggest that Na salicylate cytoprotection of gastric mucous cells is unlikely to be related to stimulation of PGE2 production by these cells.
Sodium salicylate was not toxic to cells except in the very high concentration of 50 mM. These results are similar to findings of lack of toxicity of sodium acetylsalicylate to tissue culture cells at neutral pH, 7-4.27 Prostaglandin values were not measured after administration of damaging doses of sodium salicylate (50 mM) or taurocholate. Cell death and lysis is itself associated with increased prostaglandin release, a non-specific effect. ' The protective effect of sodium salicylate on sodium taurocholate induced toxicity is consistent with its cytoprotective effects in vivo' and shows that such effects can also occur in vitro in the absence of systemic factors. These results are in agreement with our previous findings that the analgesic acetaminophen, which like salicylic acid is protective against drug damage to gastric mucosa in vivo,l is also cytoprotective in vitro. Furthermore, acetaminophen had no effect on PGE2 or PGI2 production in vitro and its cytoprotective effect in vitro was not blocked by indomethacin, although indomethacin significantly inhibited PGE2 and PGI2 production.2829
The conditions of these in vitro studies may be considered less physiological than in vivo studies in the sense that it is possible that both sides of the cells could be bathed in the media containing damaging agents. Nevertheless, in this and previous studies with varying agents cytoprotection could be demonstrated.27"3 Indeed, cytoprotection of human isolated gastric glands by prostaglandins has recently been shown in spite of the cells being bathed on all sides by indomethacin or ethanol solutions.' Further, these authors found a correlation between the degree of protection in vitro of that found in their own in vivo studies.35 This indicates that cytoprotection is a function of the cell as a whole and is not dependent on which surface of the cell is exposed or on cell polarity.
Because these protected cells are in vitro, protection against taurocholate induced damage must include the direct effect of sodium salicylate on cell membranes or metabolism. Physiologically, taurocholic acid has a pKa of <2. Therefore at pH 7.4, it is entirely in the dissociated state with no lipid solubility or ability to penetrate the cell. At this pH its damaging action is limited to a detergent action on the external cell membrane. Salicylate affects the barrier function of the external cell membrane as indicated by preventing trypan blue from penetrating the cell; this suggests that the cell membrane is the site of the protective action of salicylate.
In summary, we have described a method for successful monolayer culture of adult rat gastric mucous epithelial cells. PGE2 production by these
